In continuation of studies of the dust content and composition of the lungs of coal-workers with simple pneumoconiosis (Rivers, Wise, King, and Nagelschmidt, 1960 ), a number of lungs with progressive massive fibrosis (P.M.F.) have been analysed. The pathological features of P.M.F. have been presented by Gough (1940) , Fletcher and Gough (1950) , and Heppleston (1951) . These authors describe the lesion as a rubbery hard, heavily dusted, pigmented mass of tissue which on microscopic examination appears to consist largely of collagenous fibres with abundant black dust particles between the fibres. Small, heavily pigmented fibrous nodules are frequently seen distributed around the periphery of the P.M.F. lesion. Cochrane (1960) has reviewed the different theories of the aetiology of P.M.F. and the most prominent of these are the "silica" and "tuberculosis" theories. Cochrane's recent work (1962) shows that the attack rate of P.M.F. rises steeply with increasing x-ray change above category 1. This suggests (Rivers et al., 1960 ) that the attack rate is related to the total amount of dust in the lung, what may be called the "total dust hypothesis", and/or to a higher non-coal content of the lung dust. Analysis of the dust content and composition of the massive lesion alone and of the rest of the lung separately should reveal whether the quartz content of the dust is higher in the lesion than in the rest of the lung, and whether it is higher in P.M.F. lungs than in the lungs of coal-workers with simple pneumoconiosis. This paper includes a study of the collagen content of the P.M.F. lesion and of the rest of the lung separately and of the total collagen content of another group of P.M.F. lungs and of a number of lungs with simple pneumoconiosis.
Group 2c.-A selection of 27 lungs with simple pneumoconiosis from groups 2a and 2b was analysed for collagen for comparison with the P.M.F. lungs. The lungs were chosen to match the P.M.F. lungs as far as possible for amount of dust, quartz content, age, and coalfield.
The P.M.F. lungs represented a wide range of size of lesion; cases with obvious tuberculosis or tumour were excluded. The lungs with simple pneumoconiosis also represented a wide range of dust content and again those with tuberculosis or tumour were excluded. Cases showing gross discrepancies between the right and left lung were also excluded, but such discrepancies were rare.
The dust and collagen content of five silicotic lungs from other industrial exposures, sand blasting, fettling, and slate mining, obtained for dust analysis from various pathologists, was also measured.
Technique
Pathology.-The gross appearances of the lungs were noted, the greatest and smallest diameters of the P.M.F. lesion in the sagittal plane were measured, and their product was taken to give an approximate estimate of the area of the lesion. Where two or more P.M.F. lesions occurred in the same lung, the areas were added to give an estimate of the total area of P.M.F. In only one lung (case 1, Table 1 ) was there cavitation with fluid, but the fluid was carefully saved and included for dust analysis. Blocks of tissue from both lungs representative of the *Kindly provided by Professor K. Thomas of Gottingen gross pathology were taken for histological examination. Serial histological sections were stained with haematoxylin and eosin, by the Weigert and van Gieson method for collagen, and by a silver impregnation technique for reticulin. One whole lung, except for these blocks, was freed as carefully as possible from the larger bronchi, vessels, and lymph glands and used for dust analysis. In some cases of P.M.F., however, it was not possible to dissect away all peribronchial lymph glands since they were indistinguishable from the P.M.F. lesion as a whole. For the 18 cases of group la it was found possible to separate digitally the firm P.M.F. lesion from the surrounding spongy tissue of the lung. Similarly, it was found possible to enucleate the fibrous dust nodules which were particularly abundant in case 16 (Table 1) .
Dust and Collagen Analyses.-The tissues were dried and ground and samples were analysed for coal, quartz, and "other minerals", mainly kaolin and mica, by the methods described previously (Rivers et al., 1960) .
Collagen in the samples was determined as follows: The dried lung was hydrolysed with hot hydrochloric acid under pressure, and in the neutralized filtrate total hydroxyproline was determined by the method of Stegemann (1958) . Multiplication by 7-5 gave a value for collagen based on the assumption that collagen contains 13-3% of hydroxyproline (Neuman and Logan, 1950) . Collagen determinations were made on the lungs of groups la, lb, and 2c and also on the few silicotic lungs.
Results
Progressive Massive Fibrosis Dust Composition and Concentration of P.M.F. Lesion and of"Rest ofLung".-In Table 1 , ages, dust exposure years, dried weights and areas of P.M.F. lesions, and dried weights of "rest of lung" and whole lungs are given. The results are listed in decreasing order of weight of the P.M.F. lesions. The proportions of the total lung weight which these lesions represent are also given; they range from 5 to 61 % of the total lung weights, including the dust. For all the smaller and some of the larger lesions the estimated areas in cm2. were similar to the dry weights in grams. Table 2 shows the amounts of dust in grams and as per cent dry weight in P.M.F. lesions, rest of lung, and whole lungs. The dust concentration was, on an average, twice as high in the P.M.F. lesion as in the rest of the lung (mean 2-13, range 15 to 2-9). Figure 1 shows the weight of dust in the lung plotted against age at death and suggests a negative correlation since four out of five cases with more than 20 g. of dust had died before the age of 60 years. The total dust was less than 10 g. in five of the lungs; using the data of Rivers et al. (1960) , lungs nos. 17 and 18 would correspond to x-ray categories 0 or 1.
Coal and quartz percentages of the lung dust in Table 5 gives the amounts of collagen in grams in P.M.F., rest of lung, and their sum for each lung. Table 6 gives the results calculated as per cent dust-free tissue for P.M.F., rest of (1956) . The results were on an average 25 % lower than those reported previously for these lungs.) The total amounts of dust in these lungs ranged from 5-6 to 67-6 g. (Table 7 ). The cases were divided into three groups according to their total dust content: 4-0 to 6-9 g., 7-0 to 16-9 g., and 17-0 g. or more. Pathology.-The relatively small collagen content of ne exceptionally high value of 1-8.
the P.M.F. lesion appears to be at variance with the naked-eye and histological observations of patholon per gram of coal-workers' lung dust appears gists. Study of representative histological sections the order of 0 4 g. of the massive lesions revealed certain features which *eak-down of the values for the 41 lungs may to some extent account for this discrepancy.
ng to the quartz percentage of the lung dust Sections stained with haematoxylin and eosin show a trend for extra collagen production to the P.M.F. mass to contain numerous bundles of slightly as the quartz percentage increased, eosinophilic fibres with the characteristic appearscatter of the data was large (see top of Fig-ances Dust Accumulation Rates and Ages at Death.-When the amount of dust in one lung is divided by the number of years of dust exposure a dust accumulation rate (g. of dust in one lung per year) is obtained. This rate is based on the not necessarily correct assumption that dust accumulation is uniform; it is, however, the simplest assumption and may serve to compare the rates in simple pneumoconiosis with those in P.M.F. The length of dust exposure was known for all except one of the 32 P.M.F. lungs and also for 52 of the 58 lungs with simple pneumoconiosis. The rates were compared at three levels of total dust in one lung, i.e. over 20 g., 10 to 19 9 g., and 4-5 to 9 9 g. The results, given in Table 12 , show practically no difference in the dust accumulation rate between simple pneumoconiosis and P.M.F. (Table 14) . High dust levels or accumulation rates seem to be associated with death at a younger age.
Comment
What bearing have these results on the origin of P.M.F. ? According to the silica theory, the massive lesions are caused by quartz, presumably by confluence of silicotic nodules. Such nodules are relatively rare in coal-workers' lungs but a few may be found by diligent search.
It is well known from animal experiments that injected or inhaled quartz moves faster than coal to the lymph glands (Nagelschmidt, Nelson, King, Attygalle and Yoganathan, 1957; Klosterkotter and Bunemann, 1961) , and the dust isolated by us from a few lymph glands of coal-workers with simple pneumoconiosis showed a considerably higher quartz content than the corresponding lung dust. In a similar way foci of higher quartz content than in the average lung dust could form in certain parts of the lungs, and it would be these foci which tended to form massive lesions. Figure 5 from case 15 might be thought to illustrate such a process. The lung dust in this case had the rather high quartz content of 8-5 %.
But if this were generally the case, one would find higher quartz percentages in the lung dust of the massive lesions than in the dust of the rest of the lung, especially in small lesions. Our data ( Table 3) show clearly that this is not the case, and this to us is strong evidence against the silica theory of P.M.F. Furthermore, P.M.F. has been found in the almost complete absence of quartz in the lung dust of carbon electrode grinders (Watson, Black, Doig, and Nagelschmidt, 1959) , carbon black workers (Miller and Ramsden, 1961) and in kaolin, talc, and mica lungs .
The data comparing the quartz percentages of dust in lungs with P.M.F. and with simple pneumoconiosis at similar total dust contents (Table 8) give perhaps some slight support to the silica theory but the evidence is very weak. The differences in quartz content are so small, even if they are statistically significant for the medium dust group, that they cannot in our opinion reverse the other evidence.
The analyses do not throw any direct light on the "tuberculosis" theory of P.M.F. A condition closely similar to P.M.F. has been produced experimentally in animals with coal dust and tuberculosis in the laboratory of one of us (E.J.K.) (e.g. Zaidi, Harrison, King, and Mitchison, 1955; Byers and King, 1961) , and even with coal dust almost free of quartz and silicates (Attygalle, Harrison, King and Mohanty, 1954) , but this does not necessarily prove that the aetiology is the same in human lungs, though the presumptive evidence may be considered strong.
Equally, although our data cannot prove or disprove the "total dust" hypothesis, they are compatible with it. They only show that P.M.F. can occur in the presence of very little dust, but the attack rate of P.M.F. may very well increase steeply with x-ray category above 1 or with higher dust concentrations in the lungs, as demonstrated by Cochrane (1962) The collagen analyses have given the very unexpected result that there is far less collagen in the P.M.F. lesions than one would have thought on the basis of previous histopathological evidence. In fact, the collagen percentages of the dust-free tissue are hardly different for lungs with P.M.F. or lungs with simple pneumoconiosis (Table 10 ) and, in P.M.F. lungs, for the massive lesions as compared with the rest of the lungs (Table 6) .
It has been suggested that the massive lesions are the result of collapse of part of the lung. This is unlikely. A few rough measurements have shown that in formalin-fixed lungs 1 cm3. of a massive lesion contains ca. 300 mg. of dried matter as against 80 mg. for spongy dust-free lung tissue. Using these figures for lung no. 1 in Table 1 , the P.M.F. lesion which weighed 110 g. would have occupied a volume of 365 ml., and the rest of the lung which contained 60 g. dust-free tissue a volume of 750 ml., giving a total of 1,115 ml. If the P.M.F. lesion of 365 ml. had contained normal dust-free tissue, this would have weighed 29 g. In fact the dust-free tissue weight was 81 g., leaving an extra weight of 52 g. of material of similar collagen content to lung tissue. This would have corresponded to 650 ml. of normal lung tissue if it had in fact been such. The Gough section does not suggest that the original lung could have been so much larger and the massive lesion must be described as due to infilling or consolidation rather than to collapse.
This work has emphasized the lack of knowledge of the biochemical composition of the massive lesions or, for that matter, of normal lung tissue. Collagen and lipids (extractable by alcohol-ether) account for less than half of the organic material in lungs or massive lesions. It has been suggested that mucopolysaccharides and globulins are major constituents. They need to be studied and the results may contribute to an explanation of the origin of P.M.F. More work on normal lungs and the effect of age on their composition is also needed. We have used the data of Briscoe et al. (1959) , who determined hydroxyproline and found that the collagen (plus
